Semester2 — Detailed Syllabus IT2303

IT2303: Database Systems 1 (DBS 1)

(Compulsory)

1. OUTLINE OF SYLLABUS

Topic Minimum
number of
hours

e Introduction to DBMS 07
e Relational Data Model 03
o Data manipulation using Relational Algebra 06
o Data manipulation using SQL 15*
e Data views and security 02
o Database Design Process 12
o Data Normalization process and the normal forms 05
e Introduction to 4GL Development Environment 06
e Emerging database technologies 04
Total for the subject 60

* Students are expected to have a total of 10 additional hours of practical and tutorials to further strengthen
their knowledge of this section.

Learning Objectives

After successfully completing this course students should be able to
¢ Design and develop a database eliminating anomalies using a commercial database product
applying fundamentals and concepts of database management systems.

e List certain emerging technologies in this area.
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2. DETAILED SYLLABUS

1. Introduction to DBMS (07hrs)
Instructional Objectives

(o}
o}

(0]

1.1.

1.2.

1.3

Describe the role of a database system.

Briefly describe the evolution of database systems and the limitations of conventional file
processing systems

Describe the three-schema architecture for databases and explain the difference between
conceptual, external and physical schemas.

Define the functions of a database administrator

The Evolution of Database Technology (2hrs.)

1.1.1.  Data, information, database, database system, database management system; Data
processing and data management, Increasing use of data as a corporate resource.
[Ref 1: pg.11-12, 23-28; Ref 2: pg.4-5, 9-10, 43-45]

1.1.2.  File oriented systems: Meeting the need for random access processing; Limitations of
Traditional File Systems: Data redundancy, Inadequate data manipulation capabilities,
program-data dependency; Data independence.

[Ref 1: pg.8-10, 12-14; Ref 2: pg.8-11]

Database Architecture (3hrs.)

1.2.1.  Components of a Database Management System (DBMS): Data Dictionary
(importance, contents), meta data; Data security and integrity; Concurrent access;
User-oriented data query and reporting; Application development facilities
[Ref 1: pg.23-27; Ref 2: pg. 35-38, 43]

1.2.2.  Database Systems; ANSI/SPARC Three-level Architecture: Conceptual model,
Logical model, Physical model, External view, Conceptual view, Internal view of
data.

[Ref 1: pg.66-70; Ref 2: pg.29-32]

1.2.3.  Data specification and access mechanisms: Data Definition Language (DDL), Sub-
Schema DDL (SDDL), Data Manipulation Language (DML); Users: End users,
Database Administrator (DBA); DBMS: Functions, Capabilities, Advantages and
disadvantages. [Ref 1: pg.499-504; Ref 2: pg.32, 15-20, 23]

Users of a Database system (2hrs.)

1.3.1.  Users and practitioners of a Database System
[Ref 1: pg.27-28; Ref 2: 12, 14]

1.3.2.  Data administrator, Database Administrator (DBA), Functions of a DBA.

[Ref 1: pg.61, 362-367; Ref 2: pg.12]

1.3.3.  Roles of a DBA with respect to Database Integrity, Transaction Processing,
Concurrency Control, Database Security and Database Recovery.

[Ref 1: pg.367-386; Ref 2: 734]

2. Relational Data Model (03hrs.)
Instructional Objectives

o}
(o}

(o}

2.1.

2.2.

2.3.

Explain basic facts about the historical development of database management systems.
Define the following key terms: Relation, Attribute, tuple, domain, instance, cardinality,
degree, schema.
Explain the fundamental concepts of the relational model, including relations, attributes,
domains, keys, foreign keys, entity integrity and referential integrity.
Introduction Data Models: Review of database models, Definition of Relation, Attribute, tuple,
domain, instance, cardinality, degree, schema, Constrains.
[Ref 1: pg.138-140; Ref 2: pg. 52-53, 125-138]
Concepts of keys: Candidate key, Primary key, Alternate key, Composite key, Surrogate key,
Foreign key.
[Ref 1: pg.141-143; Ref 2: pg.202-208]
Fundamental integrity rules: entity integrity, referential integrity: Domain constraints, Key
constraints
[Ref 1: pg.144-145; Ref 2: pg.135, 314, 483]
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3. Data Manipulation using Relational Algebra (06 hrs.)

Instructional Objectives

o0 List the operations of relational algebra and show how they can be used to create new relations

from existing relations.
o0 Formulate solutions to specific types of queries in relational algebra.
Relational algebra (RA): Traditional Set Operations (Union, Intersection, Difference,
Product)4, Special Relational Operations (Select or Restrict, Project, Join, Different types of
join (theta join, equi-join, natural join, outer joins), Divide), Minimal set of operations, Simple
and Complex queries using RA.
[Ref 1: pg.175-196; Ref 2: pg. 149-173]

3.1

Data Manipulation using SQL (15hrs)

Instructional Objectives
Define a relational database schema in SQL.

Explain basic elements in the structure of an SQL information schema.
Formulate SQL queries of varying complexity.
Insert, update and delete data in a relational database through SQL commands.

Structured Query Language (SQL) (1hr.)

Introduction to SQL standards: SQL86, SQL89 and SQL92.
[Ref 1: pg.208-209; Ref 2: pg. 207-209]

Creating SQL Databases and Tables (3hrs.)

o]
o
o
o]

4.1.

4.2

4.3.

4.4,

4.2.1.

4.2.2.

4.2.3.

424

Creating a Database: CREATE DATABASE, Creating a database schema; Database
options: Connect, Disconnect, Select, Close, Create, Drop.

[Ref 1: pg.213-217; Ref 2: pg. 210-211]

Defining tables and views: CREATE TABLE, ALTER TABLE, DROP TABLE.
[Ref 1: pg.213; Ref 2: pg. 210-218]

Specifying integrity constraints: PRIMARY KEY, UNIQUE, NOT NULL, CHECK,
Referential Integrity constraints (Cyclic, Self-referencing, Multiple path) FOREIGN
KEY (CASCADE, RESTRICT, NULIFIES), DEFAULT.

[[Ref 1: pg.141-145, 289-291; Ref 2: pg. 213-216]

Creating indexes: CREATE INDEX, DROP INDEX.

[Ref 2: 216]

Selecting Data (8hrs.)

43.1.

43.2.

4.3.3.

4.3.4.

4.3.5.

Queries; SELECT Statement.

[Ref 1: pg.218-220; Ref 2: pg. 219]

Single Table: all columns (*), selecting specific columns (RA project operation),
unique values (DISTINCT), Executing multiple statements (;), WHERE clause (RA
select operation), Including or excluding rows (=, =), Relational Operators (=, !=, >,
>z, <, <=), Identifying Null values (IS NULL), Where clause keywords (AND, OR,
[NOT] BETWEEN, [NOT] IN, IS [NOT] NULL, [NOT] LIKE, ORDER BY,
Arithmetic Operators (+, -, *, /), Expressions, Display Labels, Aggregate Functions:
COUNT, SUM, AVG, MAX, MIN, GROUP BY, HAVING.

[Ref 1: pg.219, 229-232; Ref 2: pg. 224-236]

Multiple Table: RA join and product operations, Natural Join, Multiple Table Joins,
Aliases for table names, Outer Join, UNION.

[Ref 1: pg. 234-239; Ref 2: pg. 237-238]

Functions: Arithmetic (ROUND, TRUNC), String (TO_CHAR, UPPER, LOWER,
Sub strings, Concatenation, TRIM), Date and Time (DAY, MONTH, YEAR, DATE,
CURRENT).

[Ref 1: pg.221; Ref 2: pg. 238-243]

Sub queries: Nested Select Statement, Values returned by sub queries (single value, a
list of values), EXISTS, Correlated nested queries.

[Ref 1: pg.224-228; Ref 2: pg. 229-236]

Data Insertion, Updating and Deletion (3hrs.)
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4.4.1.

4.4.2.

4.4.3.

Inserting Data: INSERT INTO [VALUES|SELECT] including a column list, null
values; obtaining values from a SELECT.

[Ref 1: pg.218, 240; Ref 2: pg. 245-247]

Updating Data: UPDATE (selected columns, selected rows, with a sub query).
[Ref 1: pg.240; Ref 2: pg. 247-248]

Deleting Data: DELETE (all data, selected data, with a sub query).

[Ref 1: pg.240; Ref 2: pg. 247]

5.  Data Views and Security (02hrs.)
Instructional Objectives
O Prepare and query data views in SQL.

0 Define database security in SQL.

5.1.  Characteristics of user views.
[Ref 1: pg.242, 377; Ref 2: pg. 257-258]

5.2  View definition and use: CREATE VIEW, DROP VIEW
[Ref 1: pg.242-243; Ref 2: pg. 258-261]

5.3 Database Security: GRANT, REVOKE
[Ref 1: pg.378-380; Ref 2: pg. 735-739]

6.  Database design process (12hrs.)
Instructional Objectives
o0 Describe the steps in the database development life cycle and their interrelationships
o Demonstrate how information needs that occur frequently in businesses can be addressed by
using these data modelling concepts
0 Map conceptual model into relational schema.

6.1. Database Design Approach (2hrs.)

6.1.1.

6.1.2.

Introduction: Benefits, Critical success factors, Where it fits into the application
development process, Approach [Ref 1: pg.68-77; Ref 2: pg.49-53]

Data requirement analysis: Gain an understanding of the business; Conceptual
modeling: Identify the principal data objects, Diagram the data objects using the
entity-relationship (ER) approach, Resolve the conceptual data model, Determine
attribute specifications and data types, Verify the conceptual data model through
normalization; Logical model; Physical model; Database Design tools.

[Ref 1: pg.84-89; Ref 2: pg.49-57]

6.2. ER Concepts and Terminology (4hrs.)

6.2.1.

6.2.2.

6.2.3.

6.2.4.

6.2.5.

The Role of ER Diagrams.

[Ref 2: pg.69-74]

Three classes of objects: Entities, Relationships and Attributes.

[Ref 1: pg.89-98; Ref 2: pg.53-68]

Entities: Entity, Entity instance, Subtype and Super-type Entities, Strong and weak
entities, Generalization, specialization and aggregation.

[Ref 1: pg.91-94, 108; Ref 2: pg.68-113]

Relationships: Connectivity (binary, n-array), (1:1, 1:N, M:N), Determining the
connectivity, Cardinality, Existence dependency (mandatory, optional).

[Ref 1: pg.95; Ref 2: pg.61-68]

Attributes: Identifying attributes, Attribute types (identifier, descriptor), Derived data,
Domain, Composite attributes.

[Ref 2: pg.53-60]

6.3  Mapping Conceptual model into relational schema (3hrs.)

6.3.1.

6.3.2.

Regular, weak, generalized and specialized entities, Relationship types, Multi-valued
attributes.

[Ref 1: pg.153-162; Ref 2: pg.191-205]

Resolve the conceptual data model; Redundant Relationships; Recursive
Relationships; Resolving Relationships: 1:1, M:N.

[Ref 2: pg. 191-205]

6.4  Attribute Specifications and Data types (3hrs.)
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6.4.1.  Attribute names, Naming conventions, Avoid Synonyms and Homonyms, Null
Values, Entity integrity, Unique Requirement.

[Ref 2: 57-60,127-132]

6.4.2.  Categories of Data Types: Character, Numeric, Variable Character, Date, Serial,
Money, Date-time, Interval.

[Ref 1: pg.211-212; Ref 2: 212-213]

6.4.3  Character: CHARACTER (CHAR); Numeric: INTEGER (INT), SMALLINT,
FLOAT, SMALLFLOAT, DECIMAL; Variable Character: CHARACTER
VARYING (VARCHAR); Binary Large Object (BLOB): Text, Byte.

[Ref 2: 212-216]

7.  Data normalization process and the normal forms (05hrs.)
Instructional Objectives

7.1

7.2.

7.3.

7.4.

7.5.

(o}

(o}

Translate a relational data model into efficient database structures, including knowing when
and how to de-normalise the logical data model.
Demonstrate how relations can be normalised. The normalization process requires an
understanding of first through fourth normal forms, functional dependencies and multi-valued
dependencies

Introduction to data normalization and normal forms

[Ref 1: pg.146-152; Ref 2: pg.295-304]

7.1.1.  What is normalization, Benefits of normalization, Normalization Rules

7.1.2.  1INF, 2NF, 3NF and Higher NF.

First Normal Form

[Ref 1: pg.146; Ref 2: pg.315-318]

7.2.1.  1INF, Why convert to 1INF, Conversion to 1NF;

Second Normal Form

[Ref 1: pg.147-148; Ref 2: pg.318-319]

7.3.1.  2NF, Functional Dependence and Fully Functional Dependence, Why convert to 2NF,

Conversion to 2NF

Third Normal Form

[Ref 1: pg.149; Ref 2: pg.319-320]

7.4.1.  3NF, Transitive Dependence, Why convert to 3NF, Conversion to 3NF.

Normalization considerations

[Ref 2: pg 334-335,347-350,353-354,540-541]

7.5.1. Good and bad decompositions

7.5.2.  De-normalization

7.5.3.  Multi-valued dependencies, Join dependencies

8.  Introduction to 4GL Development Environment (06hrs.)
Instructional Objectives

8.1.

8.2.

8.3.

(o}
(0]
(0]

(o}

Understand basic principles of Standard-alone and embedded query languages.
Understand triggers and events; stored procedures.
Explain aspects of embedding SQL statements in a traditional or "host" programming
language.
Be able to develop applications using Microsoft Access or similar environment
Overview of GUI design; Designing menus, screens and reports; data validation in data entry
screens.
[Ref 1: pg.22, 280; Ref 2: pg. 18,34,381; Ref 7]
Creating Databases and Tables; Creating and using Forms, Queries and Reports.
[Ref 3:549-552; Ref 7]
Exercises
8.3.1.  Creation and manipulation of relational databases.
8.3.2.  Reference to a Case study, involving database design, analysis and implementation.

Emerging Database Technologies (04hrs.)

Instructional Objectives

(o}

Describe current directions in databases.
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o Define the following key terms: Client/server systems, distributed database, data warehouse,
data mining, database system, database management system.
9.1. Database Server, Client/Server Platforms, Distributed Databases
[Ref 1: pg.22, 56, 280, 381-417; Ref 2: pg. 803-808]
9.2. Data Warehousing and Data Mining
[Ref 2: pg. 899-902,22,913]
9.3.  Open Systems, Interoperability, Database access over Internet, Open Database Connectivity
(ODBC)
[Ref 2: pg. 915-922]

3. BOOKS RECOMMENDED FOR READING AND REFERENCE

MAIN READING

Ref 1: Database Management and Design by G.W. Hansen and J.V. Hansen, 2" edition, Prentice-Hall
of India, Eastern Economy Edition, 1999.
OR
Ref 2: Fundamentals of Database Systems by R. EImasri and S.B. Navathe, 4" edition, Addison-
Wesley, Low Priced Edition, 2004.

SUPPLEMENTARY READING (OPTIONAL)

Ref 3: Database System Concepts by A. Silberschatz, H.F. Korth and S. Sudarshan, 5™ edition,
McGraw-Hill, International Edition, 2006.

Ref 4: An Introduction to Database Systems by C.J. Date, 8" edition, Addison-Wesley, Low Priced
Edition, 2003.

Ref 5: Modern Database Management by R.F. McFadden and J.A. Hoffer, 6" edition, Benjamin-
Cummins (Narosa), 2002.

Ref 6: A Guide to the SQL Standard , C.J. Date and H. Darwen, 4th edition, Reading, MA: Addison-
Wesley, 1996.

WEB REFERENCE
Ref 7: http://Ims.bit.Ik/Ims/course/view.php?id=9 > Database Applications

4. PLATFORM

Any standard PC (Pentium) with a standard commercial relational database management system
(e.g. MS Access, MySQL) that allows the student to develop small applications involving menu
design, screen design, data validation in data entry screens, report design.

Note: Students are expected to achieve a level of competence in at least one of the
standard commercial relational database management system and to be able to
develop small applications involving menu design, screen design, data validation in
data entry screens, report design and an overview of GUI design. Students are
expected to acquire some of these skills in semester 1 Application Packages course.
The students must also acquire skills for independently designing on-line database
applications.




